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COLONEL JAMES F. WILLETTE 


Feses James F. Willette assumed his present 
position as the 323d Flying Training Wing (FTW) 
Vice Commander in August 1983. The 323 FTW is 
responsible for the initial training of all Air Force 
navigators. In addition, the Wing provides navigator 
training to the Navy, Marine Corps and other selected 
free world countries. 

As the only undergraduate flying training wing Vice 
Commander, Colonel Willette has many respon- 
sibilities. Not only is he the right-hand man to the Wing 
Commander, but also he is the base Inspector General. 
“As the base Inspector General, my main responsibility 
lies in helping people solve their problems. This is an 


extremely interesting aspect of‘my job in that | handle 
a wide variety of problems on a daily basis.”’ 

Born in Kansas City, Missouri, Colonel Willette 
entered the Air Force in 1960 and received his com- 
mission in 1961 through the Aviation Cadet Program 
at Harlingen Air Force Base, Texas. From there, he 
attended Electronic Warfare Officer training at Keesler 


Air Force Base, Mississippi. His first operational 
assignment found nim assigned to the 319th Bomb 
Wing at Grand Forks Air Force Base, North Dakota, as 


a B-52 Electronic Warfare Officer. Looking back, Colo- 
nel Willette states, ‘‘My first assignment was probably 
one of my most challenging in that | was straight out 
of training and very inexperienced. However, | was 
fortunate to have been assigned to a unit with many 
experienced aviators who were willing to help me learn 
my job. I’ve never forgotten that and I’ve tried to help 
the less experienced as | have become one of the ‘old 
heads.’ I’m convinced that experience is the greatest 
teacher. All of us have the responsibility to share our 
navigation and electronic countermeasure techniques 
with others—the end result is simply a more capable 
Air Force.”’ 

In 1966, after four years at Grand Forks, Colonel 
Willette was assigned to Little Rock Air Force Base, 
Arkansas, for a 3-year tour of duty in the B-58 “‘Hustler’”’ 
as a Defensive Systems Officer (DSO). ‘The B-58 was 
one of the most interesting airplanes I’ve flown in,” says 
Colonel Willette, ‘in that as a DSO, | handled not only 
the in-flight duties of the B-52 EWO, but also those of 
the copilot and gunner.’’ While in the 43d Bomb Wing, 
Colonel Willette held a variety of jobs, from line crew 
member to Stan/Eval, to Assistant Wing Scheduling 
Officer. 

Following B-58s, Colonel Willette cross-trained to 
F-4s as a weapon systems officer. Again, he states, 
“What a great job. The F-4 did it all—air-to-air, air-to- 
ground, missiles and bombs. It also gave me the 
chance to learn the tactical side of warfare in addition 
to the strategic side that | had learned in SAC.”’ While 
in F-4s, he saw tours of duty at Misawa Air Base, Japan, 
and Kunsan Air Base, Korea. 

Next came a career broadening assignment in 1972 
to the Air Force Manpower and Personnel Center as 
Chief, Navigator Assignment Branch. Of course, his 
primary job in that capacity was handling the 
assignments of the worldwide navigator force. 
However, he also worked closely on many other prob- 
lems confronting the navigator career field. For exam- 
ple, he was selected as one of the Air Force project 
officers responsible for forming and implementing the 
change to Title 10 allowing navigators to hold command 
positions in flying units. ‘‘A great job,’’ says Colonel 
Willette. ‘‘Once again, | had the opportunity to 
broaden my horizons. | had been in SAC, TAC, and 
PACAF, and now learned something about MAC, ATC, 
and the other flying commands; or at least, which units 
were where and what aircraft they were flying.”’ 

Following his rated supplement tour, Colonel Willette 
attended Air Cominand and Staff College. Upon his 
graduation, he once again found himself in the opera- 
tional field, this time at Luke Air Force Base, Arizona, 
flying F-4s. While at Luke, he became Chief of the 
Wing Programs Division. In 1977, he was assigned 
to Clark Air Base, Philippines, as the Deputy Com- 
mander for Operations of the 4440th Tactical Flying 





Training Group, better known as ‘‘Cope Thunder.”’ 
According to Colonel Willette, this job was most inform- 
ative. As Cope Thunder’s DO, he and his staff 
worked not only USAF operational flying, but also that 
of the Navy, Marine Corps, and Philippine Air Force. 
When asked what he enjoyed most about his Cope 
Thunder job, Colonel Willette emphatically stated, ‘“‘My 
staff. What a super group of officers we had assem- 
bled. All were professionals and all were experts in 
their field, whether it was operations, maintenance, 
communications—whatever.”’ 

From the Philippines, he went back to MPC, first as 
Deputy Chief of Rated Assignments and later as Chief 
of the Training Division. His second tour at MPC lasted 
two years until his selection to again attend PME in 
residence. 


Upon graduation from Air War College in August 
1981, Colonel Willette reported for RTU training in the 
F-111 prior to his assignment to RAF Lakenheath as 
the Assistant Deputy Commander for Operations. One 
year later, he assumed the position of Deputy Com- 
mander for Operations, thus becoming the first-ever 
navigator DO in USAFE. ‘We had four fighter 
squadrons at Lakenheath and four of the best fighter 
squadron commanders you could ever come across. 
They were able to blend a mix of experienced and in- 
experienced fighter pilots and weapon systems officers 
into one of the most effective units I've ever seen. They 
were ready to meet our NATO commitments and |’m 
sure they still are—a real group of professionals.” 

When questioned about his success, Colonel Willette 
answered, ‘‘My success as an officer and a navigator 
stems from a willingness to work hard. In other words, 
you do what it takes to get the job done. However, 
you must not only work hard, you must also enjoy your 
work. It matters not if you are a lieutenant or a colo- 
nel. The keys to success are simple: work hard and 
enjoy your job.” 

As the 323d Vice Wing Commander, Colonel Willette 
has the opportunity to meet and visit with many new 
navigators just embarking on their careers. His advice 
is simple, ‘“Spend the first year or two in the books 
learning all you can about your particular weapons 
system. Then, start working on PME and advanced 
education. But above all, work hard, have fun and don’t 
get lost.”’ 
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Any editor will tell you, *‘The 
hardest part of my job is get- 
ting articles!"" Maintaining 


am extremely pleased with 

this issue and hope you are 
too. Inno small way, the sup- 
port I’ve received from my 
predecessor, a gifted staff, and 
some talented authors made 
this issue possible. I look for- 
ward to serving you as the 
editor of YOUR magazine. 

The authors in this issue 
really did some wonderful 
work. Mr Wayne Wight, 
McDonnell Aircraft’s Chief 
WSO, wrote an explosive 
leadoff article about the new 
dual-role fighter—the F-15E. 
The centerfold article covers 
the evolution of navigation in 
Portugal from Magellan’s time 
through the present, while in- 


depth techniques for low level 
time control and air refueling 
rendezvous will, no doubt, be 
invaluable tomany. If you're 
in the market for a new assign- 
ment, you might be interested 
in a flying job covered in one of 
three different aircraft 
stories—FB-111, WC-135B, 
EC-130H—or perhaps a rated 
supplement tour as an opera- 
tions officer in a strategic 
training range bomb plot. 
Finally, we rounded out the 
issue with a nice item on nav 
judgment, Captain Don 
Rightmyer’s regular Profes- 
sional Reading column, and a 
plea for your contribution to 
Mather’s navigation heritage. 


WINTER 1984 


THE NAVIGATOR magazine as 
a high quality, professional 
journal takes a consistent in- 
flux of stories from the field. 
Dynamic, informative mag- 
azines are the result of their 
contents. I'd like each of you 
to consider sharing your 
thoughts, experiences or in- 
terest with the whole 
navigator force. What you 
have to say is , indeed, impor- 
tant and this is the forum 
for it. Your inputs—verbal 
or written, critical or 
constructive—will contribute 
to maintaining our high stan- 
dards of professionalism 
throughout the navigator 
career field. <n 


Seen 
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No longer just on the drawing board, the F-15E is 
the Air Force pick, to be the new dual role fighter. 
It promises to be a WSO’s dream machine in any role. 
The capabilities and improvements over the F-4 are 
amazing, including greater visibility. Follow the 
evolution of this fantastic aircraft in Wayne Wight’s 
article on the next page. 


Distribution: One copy per four navigators. 





Mr Wayne K. WIGHT 
McDonnell Aircraft Co. 
St Louis, MO 


ometime during 1988, the USAF will take 

delivery of anew F-15two-holer. The first 
of nearly 400 F-15Es with a back seat built for 
a WSO, it will end a 10-year dry spell since the 
last F-4E went into the USAF inventory. 

F/RF-4 and F-111 types will be amazed at the 
progress made during the last 10 years in the 
areas of controls/displays, avionics, and 
weapon system integration. You old heads will 
have little trouble adapting to this highly flex- 
ible, workload-easing system. You younger 
troops—all computer whizzes and video game 
aces—will feel right at home in the Star Wars 
cockpit (Figure 1). 

As you know, technology doesn’t advance 
overnight. I became involved in the air-to- 
ground evolution of the F-15 back in 1977. It 
was then that I first saw dual-role cockpit hard- 
ware emerge from paper. Installed in a 
McDonnell simulator called MACS (Manned Air 
Combat Simulator) IV, the new hardware con- 
sisted primarily of four display tubes, two hand 


controls, and a keyboard installed in the aft 
cockpit of an F-15B simulator. The front 
cockpit was essentially unchanged from the 
production configuration. 

A multi-mission configuration, the aft cockpit 
could handle any mission then envisioned for 
the F-15. The primary missions being con- 
sidered were reconnaissance, all-weather at- 
tack, and wild weasel; but initial simulation ef- 
forts were directed toward solving the real-time 


Figure 1 





aR east See 
ys res 


recce problem. We believed TAC needed real- 
time reconnaissance and that the F-15 con- 
figured as such would be the best solution. We 
talked to operational RF-4C crews to get a feel 
for their needs and began to put together a 
package in MACS IV that included all feasible, 
technical capability at that time. The biggest 
player in this package was real-time synthetic 
aperture radar (SAR). 

SAR was nothing new. In the early 60s, I 
was involved in flight testing side looking radar 
(SLR) using the principles of SAR in RF-4B/C 
aircraft. However, up to now, SAR was not 


“real time.’’ Side looking radars, using SAR 
principles, stored the information needed to 


construct the image on film. This film then 
had to be transported to a ground correlator for 
processing, which took several hours at best. 
Around 1972, MCAIR began delivering the 
RF-4E, which carried a side looking radar pod 
that could data link SLR information to a 
ground station. The ground station processed 
this information and put the image out on film 
in 5 to LO minutes. It still was impossible to 
display SLR imagery in the cockpit. 

By 1977, we were ready to move SAR into the 
near real-time world by constructing a map and 
displaying it in the cockpit in 5 to 10 seconds, 
depending on conditions during map construc- 
tion. This was not real time, like real-beam 
mapping, but close to it. Map construction 
time varied, depending on groundspeed, anten- 
na azimuth angle, range, patch size, and the 
number of looks for a given map. We also 
simulated ground moving target detect and 
track, and terrain following/terrain avoidance 
radar modes. This was all integrated with a 
targeting FLIR and a camera package to round 
out the sensor suite necessary to handle the 
complete recce mission. (Incidentally, when in- 
tegration advanced to the point where we could 


‘‘fly’’ profiles of various scenarios, it seemed 
my box time began to exceed my flying time!) 

McDonnell has a simulated terrain board 
which incorporates the types of targets ex- 
pected in a typical European land or sea con- 
flict. We flew profiles against all types of 
targets to determine when we could detect, 
identify, and photograph them. More impor- 
tantly, we also found out when we could not 
detect targets due to shadows from trees, struc- 
tures, terrain, etc. All sensors that I know of 
are line-of-sight; that is, they don’t see through 
rocks, trees, or anything else that’s between 
you and the target. Radar is the only sensor 
that looks through clouds. We quickly found 
out that the low altitude environment is a tough 
situation because you're dealing with a world 
obscured by shadows. 

As simulation efforts continued, TAC wanted 
to solve the all-weather attack problem and 
MCAIR proceeded with a contractor-funded pro- 
gram in response to this need. The result was 
the Advanced Fighter Capability (AFC) Demo 
program, and our multi-mission F-15 made its 
first change of role. F-15B No. 2 was selected 
for modification into the ‘‘Advanced Fighter 
Capability Demonstrator’’ configuration, and 
the back cockpit used in MACS IV was 
installed with very few changes. 

The intent of the demonstrator program was 
to investigate the capabilities of synthetic aper- 
ture radar by using its imagery to detect tac- 
tical size targets, deliver dumb bombs on 





operator-selected targets, cue narrow field-of- 
view sensors (Pave Tack system), and deliver 
dumb bombs using that system. Sensors 
necessary for in and under-the-weather 
penetration, such as NAV FLIR and TF/TA 
radar, were beyond the scope of this 
demonstration. We did the program in VFR 
conditions with the pilot looking out the 
window. 


As one might expect, progress came 
painfully slow. Quite a few flights were made 


before we saw any eye-watering high resolution 
maps; but when this finally occurred, we began 
to call the SAR a high resolution radar (HRR), 
and certain facts of life began to emerge. 
The scene is observed from directly above on 
the HRR maps, even though the actual aircraft 
position may be miles away. While this is no 
different than with the SLR 20 years ago, when 
the image is presented in real time, this 
characteristic really jumps out and grabs you! 
This feature simplifies orientation—a very im- 
portant consideration when you're going warp 
nine on the deck over unfamiliar territory. No 
other sensor does this, including the eyeball 
looking through the canopy at low grazing 
angles. The shadows presented on a low graz- 
ing angle map tend to give it a third dimension 
of depth. These radar characteristics hold true 
regardless of range to the target as long as the 
grazing angle is sufficient. Non-ranging sen- 
sors, such as eyeball-looking-out-of-the-cockpit 
and infrared sensors, approach the two dimen- 
sional (azimuth and elevation) when range in- 
creases to the point where grazing angle 
becomes small. We made HRR maps at less 
than 1° grazing angle, in some cases less than 


0.3 °, and still had sufficient video to detect tac- 
tical size targets. 

We did not need to fly this radar to find out 
whether it could determine if a vehicle was 
tracked or wheeled; we knew it would take 
higher resolution than 10 feet for that. We did, 
however, want to determine just what could be 
identified. The answer is that any fixed, man- 
made object much larger than a vehicle prob- 
ably can be identified with some prior 
knowledge, such as maps or photos. Large 
manmade objects and prominent natural ter- 
rain features can be identified with no prior 
knowledge by simply referring to the tactical 
situation display (TSD) onboard the aircraft. 

A TSD keeps the crew aware of the tactical 
situation. We used an in-house invention 
called an electronic (digital)map. Areas where 
we operated were digitized from aeronautical 
charts and the information stored in a map 
storage unit. This map storage unit had 
limited capacity, so the electronic nap suffered 
a lack of detail. Because cuing symbols can be 
overlayed digitally, no noticeable registration 
error occurred, an important feature in this 
business and an area where other types of 
TSDs, such as projected maps, don’t do as well. 
Thus, when INS position errors were small, the 
electronic map was an excellent cuing device. 
However, the data base required for electronic 
map coverage of the world will not be available 
until many years after the F-15E hits the 
squadron, so the TSD function in the F-15E will 
be implemented with a remote map reader 
(Figure 2). 

Regarding the future, we definitely would do 
some things differently the next time 


Figure 2 
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around. In the AFC Demo program, we again 
verified that radar is truly an around-the-clock 
sensor. It looks through any kind of air, except 
heavy rain, with no noticeable degradation. A 
large thunderstorm, which an aircrew would 
not penetrate if they had the option, appears on 
an HRR map with a shadow behind it. Small 
showers caused some attenuation on the 
highest resolution maps, but only slightly 
degraded the map quality. 

The HRR map also turned out to be an ex- 
cellent cuing device. HRR itself may be con- 
sidered a narrow field-of-view (NFOV) sensor in 
the highest resolution modes. Narrow FOV 
sensors such as targeting IR can identify tac- 
tical size targets in favorable weather condi- 
tions, but require external cuing to initially 
bring the target into the field of view. The ob- 
ject (target) is detected on the HRR map, the 
map is frozen, then a narrow FOV sensor is 
cued from the map for identification or weapon 
delivery. 

Early in the program we learned that high 
quality radar maps and accurate blind weapon 
delivery require an accurate and reliable iner- 
tial navigation system (INS). You must know 
where you are within one mile, preferably a half 
mile, with onboard velocity error of a half knot 
or less if you’re going to be effective. The 
radar will have to be used in its precision veloci- 
ty update (PVU) mode to correct for excessive 
INS velocity errors. If the INS position drift is 
excessive, frequent updates will be required to 
enable the WSO to find planned targets. When 
INS errors are small, maps can be frozen for 
long periods of time before another is required 
for a position update. This capability enables 
the crew to minimize RF transmissions when 
they are in bad guy country or to dedicate more 
time to the air-to-air mode before they need to 
return to HRR for an update map. 

Doppler mapping is tough to do near your 
ground track, and it’s impossible right on your 
ground track. The first time around, we did 
not attempt map construction closer than 8° 
from the ground track and left this area black 
if maps were commanded there. In the produc- 
tion F-15E, we will fill in this zone with the best 
map available. Obviously, you still won't see 
much where you are going so you will still have 
to map territory offset from your track or 
deviate from your course occasionally to get 
that good quality map. This shortcoming 
wasn’t much of a problem during our program 


and we believe the operational crew also can 
live with it. 

We iiew this program with the real-beam PPI 
mode disabled. The F-15E will have a real- 
beam mode with improved quality over that 
now in production F-15s. A real-beam map can 
give the crew an idea of the shadows (area of 
no return because RF radiation is blocked by 
objects at closer range) present over a point of 
interest and whether or not they should at- 
tempt a high resolution map there. We are go- 
ing to display inertial points such as steer 
points, aim points, and target points on the PPI 
map to give the crew added situational 
awareness and a means from which to cue high 
resolution maps. 

The F-15E will have the inherent capability 
to extend the maximum range of its high 
resolution maps (Figure 3). This feature will 
enable the operational crew to obtain the map, 
freeze it, and get down in the weeds farther 
from the target. Which brings up another 
point: if you are going to drive into a target with 
a frozen map constructed a long way out, you 
had better have very small onboard velocity er- 
rors or you won’t do much of a job delivering 
a weapon or cuing a NFOV sensor. The F-15E 
will have a more accurate and reliable INS than 
we had in our program. It will also have a con- 
tinuous PVU interleaved with high resolution 
mapping and will display the velocity error so 
the crew can update their velocity if the error 
is excessive. 


Obviously, the high resolution radar has been 
the biggest player in the evolution of the F-15 
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into the all-weather attack role. Now let’s talk 
about the rest of the package. 

Terrain following and high resolution FLIR 
capability are provided by the low altitude 
navigation targeting infrared night (LANTIRN) 
system. The LANTIRN consists of two pods, 
a terrain following/navigation FLIR pod and a 
targeting FLIR pod mounted on dedicated hard 
points on the underside of the intake ducts 
(Figure 4). An Air Force system developed for 
F-16s and A-10s, the LANTIRN will be in- 
tegrated into the F-15E avionics package. 


Figure 4 


The high resolution radar complements the 
FLIR in that precise target areas can be located 
from long ranges using the radar. The 
targeting FLIR will be automatically cued to the 
map center or to the WSO designated radar 
target. As the crew approaches the target, the 
high resolution infrared image will provide suf- 
ficient detail (weather permitting) to enable the 
WSO to recognize the target. 

The targeting pod contains a laser designator 
for marking targets and providing precision 
guidance for laser-guided weapons. The laser 
range output is the most accurate available and 
provides the best CEP when delivering dumb 
bombs. LANTIRN’s low altitude penetration 
capability is supplemented by internal 
countermeasures such as the radar warning 
receiver, active jamming systems, and an 
automatic flare and chaff dispenser. 

Strap-on conformal fuel tanks (CFT) provide 
the F-15E (F-15Cs and Ds are also CFT compati- 
ble) with an extra 9,750 lbs of fuel and 12 ad- 
ditional weapon stations. The CFT weapon 
stations are arranged in a drag reducing, range 
extending tangential carriage configuration. 


The F-15E with CFTs has a greatly expanded 
bomb-carrying capability for a wide variety of 
ordnance, including guided weapons, general 
purpose and cluster munitions, and airfield at- 
tack weapons. 

None of the basic F-15 fighter capabilities are 
sacrificed in the F-15E configuration. It re- 
tains all-aspect, look-down/shoot-down radar 
and gun, sidewinder and sparrow air-to-air 
weaponry. It will also be compatible with the 
AMRAAM. 

For system operation and control, the F-15E 
aft cockpit contains two hand controls, two 5 
inch color and two 6 inch monochromatic 
displays, and up-front control (UFC). The 
display/control architecture allows the WSO to 
use the multifunction characteristics of the 
hand controls, displays and UFC controls and 
pushbuttons to tailor the display functions to 
his mission needs. The front seat, with 
identical displays and stick/throttle control 
switches, provides the pilot with comparable 
system operation capability. 

The F-15E, a common denominator airplane 
capable of handling almost any mission, would 
be a natural for the Wild Weasel role. Engineer- 
ing efforts are now making the conversion. 
When the F-4G airframe ages to the point that 
it requires replacement, the updated APR-38 
system could be transferred to the F-15E. A 
chin pod and rear pod would be 
added to house the fore and aft receivers. The 
cockpits are essentially Weasel capable now. 
The same could be said about the recon- 
naissance and sea lane control missions. 

Obviously, the multi-role F-15 can keep two 
heads and two pairs of hands busy. You WSOs 
will get a chance to show your stuff in it start- 
ing in 1988. Keep your hopes up, EWOs and 
RSOs, your chance may come later. “<i 


A 1960 graduate of South 
Dakota State University, Mr 
Wight attended Air Force 
navigator and radar observer 
schools through the South 
Dakota ANG. He joined 
McDonnell Aircraft Co. in 1963 
and has been a weapon systems 
operator in the Flight Test Dept 
for nearly 20 years. He has 
worked on the F-4 Wild Weasel 
and F-15 AFCD projects as well 
as the F-15 fire control radar test 
bed fly-off. Mr Wight now is 
chief systems operator. 
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“HOLBROOK BOMB PLOT, THIS IS RASCAL 23, IP INBOUND" 


Captain William M. GARNER 
Det 2,1 CEVG 
Holbrook, AZ 


66 oger, Rascal 23, copy your IP call. 
India Band is restricted. Do not jam 
the India Band Radar.”’ 

To any SAC bomber crew member, these 
words are very familiar. They come almost 
without thought for those who earn their flight 
pay dropping simulated weapon ‘‘tones’’ on 
SAC strategic training ranges (STRs). Asa 
crew member who has spent many hours 
bouncing through a low level route, strapped to 


a B-52 ejection seat, I have been an accomplice 
in dropping many tones throughout the United 


States and Western Pacific. However, it was 
not until I was reassigned from Andersen AFB, 
Guam, to Detachment 2, Holbrook STR, 
Arizona, that I experienced the other end of the 
tone. 

Strategic Training Ranges throughout the 
CONUS, Guam, Korea and Germany are under 
the lst Combat Evaluation Group (1 CEVG), 
Barksdale AFB, Louisiana. Our mission is to 
conduct Radar Bomb Scoring (RBS) and Elec- 
tronic Warfare (EW) activities directed by 1 
CEVG and to insure the highest standards of ac- 
curacy and impartiality during scoring 
operations. 

Most STR sites are in somewhat remote and 
isolated areas. Gone are the sounds of aircraft 
taking off, late night engine trims, and the 
dreaded klaxon. Though detachments are 
generally small (anywhere from 47 to 115 per- 
sonnel), most base level operations are con- 
ducted and an STR detachment could best be 
described as a ‘‘mini base.’’ Only two officers 
normally are assigned, a Commander and an 
Operations Officer. By regulation, one is a 


radar navigator and the other an electronic 
warfare officer. Though these two flying 
specialties are essential to the scoring business, 
reviewing RBS and EW activity receive minimal 
time. Most of the time is spent handling ad- 
ministrative and management functions. 

Assigned as the Operations Officer, I found 
the first few months were a period of complete 
readjustment. Having spent my last 10 years 
as a B-52 crew member associated only with 
flying operations, I was not prepared for this 
new and totally different experience. I quick- 
ly found my new job to be demanding and 
highly rewarding. The leadership and manage- 
ment skills learned through Squadron Officer 
School and Air Command and Staff College now 
apply to my everyday situations. My varied 
additional duties have given me experience and 
knowledge in areas seldom found in a base level 
assignment. These duties include: Site Ex- 
change Officer (BX), Safety Officer, Disaster 
Preparedness Officer, Self Inspection Monitor, 
Unit Complaints Inspector, COMSEC/OPSEC Of- 
ficer, Education Officer, and Test Control Of- 
ficer. I also assume the duties of the com- 
mander in his absence. 

Besides manning our permanently located 
sites, detachment personnel also support 
91-day TDYs to mobile duty locations (MDL) for 
SAC ORI and Bombing and Navigation Competi- 
tion scoring. Officers assigned to the perma- 
nent detachments are sent TDY to command 
the MDLs. Of all the experiences since being 
assigned to 1 CEVG, commanding a mobile 
duty location was unquestionably my most 
rewarding job. 

Located in a small community which may 
never have seen Air Force personnel the MDL 
commander’s job is as much a public relations 
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A mobile duty location (MDL). These scoring sites provide the 
proof of the performance—bombing reliability. 


job as it is commanding a remote radar site. 
This experience truly tests resourcefulness, pa- 
tience and common sense. The challenge of 
keeping a remote radar site on the air and 
operating properly at ‘‘garden spots’’ such as 
Forsyth, Baker or Circle, Montana; Dickinson, 
North Dakota; or Gillette or Douglas, Wyoming, 
can be quite demanding. In most cases, 
Murphy’s Law prevails! Because these remote 
sites move every 6 to 12 months, duties may 
also include tearing down or building a new 
site, but that’s another story! 

ORI missions are higher headquarters 
directed and therefore scoring is extremely im- 
portant. For these missions, the STR com- 
mander must make critical decisions under 
pressure—decisions that may affect a complete 
Bomb Wing’s scored activity. 

When the Inspector General (IG) arrives ona 
SAC Base, 1 CEVG is notified. The 1 CEVG 
operations personnel then call the MDL site 
commander and relay the ORI notification. 
Next, all site personnel are notified and work- 
ing schedules are revised to coincide with pro- 
jected times over target (TOT). Maintenance 
personnel do their final ‘‘peaking and tweek- 
ing,’’ the Material Control Specialist checks 
spare parts and supply point assets, while 
operations personnel brief operating pro- 
cedures and any special scoring instructions. 
About three hours before the first TOT, 
maintenance personnel arrive to turn on the 
radars and do their final alignments. Opera- 
tions personnel arrive for their crew briefing 
and final mission updates 12 hours prior to the 
first TOT. All energy and attention are 
directed at successfully scoring each aircraft. 


When the last RBS plotting paper has been 
validated, the last EW brush graph tape 
reviewed, and the scores passed to the IG, every 
person can deservedly share in the pride of mis- 
sion accomplishment. When logistics, anti- 


quated equipment, and even the elements con- 
spire against you, and yet the crew pulls 
together as a team and scores all aircraft with 
no aborts or errors, meeting the challenge and 
succeeding gives new meaning to the word 
‘*pride.”’ 


bomb plot, this antenna tracks a B-52 toward the target. 


Ihave only scratched the surface. Life at the 
other end of the tone is great, and I am for- 
tunate to have been selected for this assign- 
ment. Each day brings new challenges, oppor- 
tunities, and rewards. Working with people 
rather than a flying machine is a refreshing 
change. When this tour is over and I return to 
a bomb wing to complete my flying gates, I 
know the experience and knowledge gained 
here will help me be an asset to both the wing 
and crew force. For those who wear navigator 
wings, the 1st Combat Evaluation Group offers 
broad and exciting leadership, management 
and career opportunities. 


Capt Garner enlisted in the Air 
Force in 1968. He graduated 
from the University of New 
Hampshire in 1974 and was 
commissioned via OTS. After 
completing UNT and EWOT, he 
was assigned to Fairchild AFB. 
In 1980, he earned an MBA from 
Gonzaga University before 
assignment to Guam. Capt 
Garner now serves with Det 2, 1 
CEVG. 
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NAV JUDGMENT 


Capt Lawrence W. MARVIN Ill 
924 AREFS 
Castile AFB, CA 


ver water and inbound to 

Hickam, the navigator 
notices the speed-line lines of 
position (LOP) are consistent- 
ly falling right through the 
inertial navigation system 
(INS) positions. The Doppler 
navigation system (DNS) and 
DR position, however, seem to 
keep falling farther and far- 
ther south of the INS. Using 
good judgment, the navigator 
continues to weigh the most 
probable positions (MPPs) 
toward the INS positions 
because (of course) his INS has 
never lied to him before. Final- 
ly, when within TACAN range 
of Hickam, the copilot takes a 
fix 20 nm south of the 
navigator’s DR position. 

Without a course-line LOP, 
the navigator should have had 
more faith in the DR and 
realized that the INS was 
wandering. As often happens, 
this inexperienced navigator 
relied too much on his ‘“‘black 
box.’’ Experienced navigators 
use a number of concepts to 
improve and develop ‘‘nav 
judgment.”’ 

The DR will be discussed 
first because it’s the most 
valuable aid to nav judgment. 
Manual DR cannot be em- 
phasized too strongly—always 
maintain a good one on any 
navigation leg. Perhaps an 
experienced navigator’s 
greatest advantage is the abili- 
ty to maintain a constant men- 
tal DR of the aircraft’s position 
relative to course. Since all 


navigators haven't developed 
this ability, manual DRs must 
be used with the most accurate 
average information possible. 
Recording drift, groundspeed, 
and heading information every 
few minutes between positions 
greatly improves DR accuracy. 
Pacing is a consideration, too. 
Plotting a DR for more than 20 
minutes is normally too long to 
obtain a truly accurate DR. 
The important point is that the 
DR is usually much more ac- 
curate in distance than course 
line. The different number of 
variables involved affects the 
accuracy here. Distance is 
simply an average of ground- 
speed overtime. Course line, 
however, involves the average 
of drift, heading, magnetic 
variation, precession/devia- 
tion, and plotting off the 
midlongitude/latitude line 
which can be measured dif- 
ferently depending on whether 
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you are left or right handed! 
You must develop a ‘‘natural 
feel’’ for the accuracy of your 
DR. If the winds have 
remained fairly constant and 
you have plotted DRs over 
small intervals of time (10-20 
minutes), you should feel 
strongly about your DR and 
weigh it heavily. If the con- 
trary is true, perhaps a bit 
more weight should be applied 
to the LOP. 

As students, navigators are 
introduced to the C-Plot 
method of evaluating MPP ac- 
curacy between an LOP anda 
DR. Since celestial informa- 
tion accuracy is unaffected by 
the time between fixes, the 
longer the time interval, the 
less reliable the DR becomes, 
and the more the navigator 
should weigh the LOP. The 
AFM 51-40 formula for C-Plot 
is: d/t = p/t + p where t is 
time (in minutes), p is the 





perpendicular distance be- 
tween the DR position and the 
LOP, and d is the distance from 
the DR position for the time of 
the MPP measured along the 
perpendicular to the LOP. This 
formula was devised as an aid 
to nav judgment and for occa- 
sional use as a substitute. A 
memorized formula is helpful, 
but judgment determines 
whether to believe your DR or 
LOP. 


Now, let’s discuss confidence 
in your LOP. Crew coordina- 
tion is crucial to accurate 
LOPs. Ensure the pilot knows 
when you are shooting, as 
maintaining a steady heading 
and airspeed are extremely im- 
portant. A 10-knot change in 
groundspeed during a 
11-minute shot can cause the 
LOP to be in error by 30 nm. 
The boom _ operator/load- 
master/EW must let you know 
when the shot seems inac- 
curate. Remember, you will 
always have a much better 
idea of your range down the 
course line than your cross- 
track distance from course. 
This is why it is important to 
shoot course-line LOPs 
whenever they are available. If 
only speed-line LOPs are 
available, attempt to shoot 
another body to obtain a 
course-line LOP, too. In this 
situation, unfortunately, 
shooting a course-line LOP 
means collimating on a body 
off the wing. This can lead to 
other inaccuracies as well. 


Good judgment is the result 
of thorough evaluation of ALL 
navigation aids. Never rely on 


only one aid when evaluating 
your position. It is extremely 
important to ‘“‘rate’’ all your 
equipment from preflight 
through engine shutdown. 
Always perform your sextant 
check before takeoff or coast 
out at a known location. Get 
a heading check to rate the 
compass systems prior to the 
start navigation point to en- 
sure an accurate DR from the 
beginning and crosscheck Dop- 
pler groundspeed (GS)/drift 
angle (DA) with INSGS/DA. If 
they do not agree, find out 
which is correct by comparing 
with fix-to-fix information. 
When taking radar fixes, 
always have the copilot take a 
TACAN fix (if possible) and 
hold the INS and DNS at the 
same time. If all aids do not 
result in positions very, very 
close to the same spot, find out 
why—then update the equip- 
ment to agree with the known 
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position. The navigator’s goal 
is to have confidence that all 
aids are providing accurate in- 
formation on which to base 
nav judgment prior to coast 
out. 

Effective use of the INS/DNS 
can greatly simplify nav judg- 
ment in selecting an MPP. 
Don’t fall into the trap of rely- 
ing too heavily on either of 
these aids and ignoring others. 
If the INS/DNS systems are go- 
ing to go wrong, chances are it 
will happen over water. 

Always plot both the INS and 
DNS positions. Each time the 
DR is adjusted to an MPP, 
carefully analyze the INS, 
DNS, LOPs, etc., or your DR in- 
tegrity is lost. 

Nav judgment improves with 
experience. By being aware of 
factors influencing judgment 
and by having in-depth 
knowledge of proper integra- 
tion and use of navigation 
aids, nav judgment is always 
best. <ir 


A graduate of the USAF 
Academy, Capt Marvin 
completed UNT in 1980. He 
next attended Combat Crew 
Training for the KC-135. Since 
1981, Capt Marvin has been 
assigned to Castle AFB and cur- 
rently serves with Wing 
Stan/Eval. 
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Captain Edward J. HIGGINS, Jr. 
529 BMS 
Plattsburgh AFB, NY 


he FB-111 has been with 
SAC for 15 years andit’sa 
remarkable aircraft! At night, 
200 feet above the ground with 
speeds greater than 500 knots, 
the navigator really respects 
and appreciates the systems 
that enable him to perform the 
SAC mission in this intense 
environment—dark, low, fast! 
A single INS provides the 
bomb-nav system with present 
position, velocities, and 
heading. The INS is sup- 
plemented by two computers, 
the general navigation com- 
puter (GNC) and the weapons 
delivery computer (WDC). 
Through the autopilot, the 
GNC and WDC can steer the 
aircraft to a preprogrammed 
point and automatically com- 
mand the aircraft to make the 
turn to a subsequent check- 
point. This is all done hands 
off and at any altitude. Each 
cumputer also can perform the 
major functions of the other in 
the event of a malfunction. The 
bomb-nav system includes 
other sensors for additional 
navigation accuracy. These 
include a Doppler for velocity 
data and an astrotracker for 
heading information. The 
sensitive astrotracker can also 
track stars during the day. All 
of these sensors are part of a 
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very complex and accurate 
weapons delivery system. 

To really appreciate the job 
of an FB-111 radar navigator 
(RN), keep in mind that the 
‘*FB’’ fills the role of a 
strategic bomber and therefore 
flies the same basic mission 
profile as a B-52. Although the 
aircraft’s primary mission is 
bombing, the RN or right 
seater has many other tasks, 
too. The RN priorities con- 
tinually fluctuate among 
navigation, weapons delivery, 
copilot duties and threat 
avoidance. The bomb-nav 
system on the FB-111 makes 
navigation a relatively simple 
task unless you're having one 
of those days when 
maintenance didn’t give you 
their best airplane. At those 
times, getting from point to 
point is quite a challenge. Once 
low level and nearing the bomb 
run, bombing and SRAM 
launch become the priorities. 
Weapons delivery and threat 
avoidance are where the RN 
earns his money. His results 
keep the Wing reliable and, as 
importantly, combat ready. A 
solid knowledge of threats and 
how to counter them is essen- 
tial. The navigator is also the 
crew communications expert. 
He is responsible for coor- 
dinating the use of two UHF 
radios, HF radio and the AF- 
SATCOM. Let’s look at how 
this all comes together on a 
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typical training sortie through 
a low level route in Maine 
(IR-800). 

The day before the mission 
the crew spends at least three 
hours preparing for the flight. 
This includes preflight paper- 
work, target study and crew 
mission briefing. On the day 
of the flight the crew shows up 
242 hours prior to launch. We 
normally take off in a three- 
ship formation, so the forma- 
tion briefing comes first. We 
then get the weather, check the 
NOTAMs and head out to the 
airplane. 

All three aircraft are ready to 
taxi 15 minutes before takeoff. 
From the hold line, we line up 
in right echelon and take off at 
10-second intervals. At this 
point, the navigator in each 
aircraft ensures safe aircraft 
separation and formation join 
up. The formation is joined 
up within the first five minutes 
after takeoff, after which the 
flight proceeds with wing work 
and runs the air refueling 
checklists. 

The air refueling usually oc- 
curs in the first hour of flight. 
The lead navigator handles all 
communications with the 
tanker and backs up the 
tanker-directed rendezvous for 
the flight. Once on the boom, 
the right seater becomes the 
safety observer. While the 
pilot is flying the aircraft, the 
navigator monitors aircraft 
position, engine and flight in- 
struments, caution lamps and 
fuel distribution. After the 
onload is complete, he 
monitors the disconnect from 
the tanker and allows the 
wingmen to come in for their 
gas. At the halfway point of 
the air refueling track, the lead 
leaves the formation, controls 
his time to the designated exit 
air refueling point, and runs 
the post refueling checklists. 





Once clear of the air refuel- 
ing track and heading south 
toward the coast of Maine, 
things really start happening. 
During the next 15 minutes 
the RN must call Metro for a 
low level weather update, call 
Bomb Plot with the bomb run 
information, check both of the 
terrain following (TF) systems, 
prearm the simulated weapons 
and check the bombing system 
operation and accuracy. 

After all this, only one more 
checklist must be completed 
before entering the low level 
route. 

Entry to IR-800 is made at 
17,000 feet. During the third 
leg of the route, descent takes 
place—in auto TF mode. On 
this southbound leg toward 
the ocean, the TF system is 
engaged and the aircraft 
automatically pitches over 
10° to descend at 10,000 ft 
per minute. At 5,000 feet 


AGL the radar altimeter locks 
on, the pitch increases to 12° 


and the rate of descent in- 
creases to 12,000 ft per 
minute. Passing through 
1,700 ft AGL, the aircraft 
begins to come out of the dive 
and levels off within 100 ft of 
the set clearance plane of 
1,000 ft. As you can imagine, 
this descent profile is great 
sport at night or in IMC. 
Once everything looks good 
at 1,000 feet the terrain 
clearance altitude is lowered to 
400 feet—both crew members 
must maintain their undivided 
attention on the aircraft's ter- 
rain clearance, attitude and 
position. The autopilot is fly- 
ing the aircraft and the com- 
puters, aided by the INS, are 
navigating. Good crew coor- 
dination is essential at this 
altitude and speed (up to 540 
knots in routine training). The 
navigator must call terrain on 
his ground attack radar while 


the pilot crosschecks the ter- 
rain displays on the TF scope. 
Proper aircraft response to the 
TF commands is a must—at 
these speeds a mountain at one 
mile is only 7-9 seconds away. 
At each turn point, the com- 
puters sequence to the next 
check point and the autopilot 
performs the turn while the TF 
system maintains a constant 
altitude. Not bad for 20-year- 
old technology. 

Next on the agenda is the 
bomb run—the most impor- 
tant event of the day. An 
outstanding flight to this point 
can be ruined by a single 
mistake here. We call the 
bomb plot at the IP (Initial 
Point). The standard routine 
is two gravity weapon drops 
followed by a short range at- 
tack missile (SRAM) launch. 
These releases are radar 
scored by the bomb plot which 
simultaneously provides our 
ECM activity. (Editor’s Note: 
See ‘‘The Other End of the 
Tone” in this issue.) 

At the IP, the WDC takes 
over as primary computer and 
controls the aircraft through 
weapons release. Each target 
has up to four offset aimpoints 
(OAPs) with the lead-in OAP 
being the easiest tofind. The 
final release OAP is normally 
very small, such as the corner 
of a building or one end of a 
small railroad bridge. During 
the entire bombing sequence, 
the WDC compensates for 
changes in wind and crosshair 
movement, constantly up- 
dating where the bomb release 
will occur and steering the air- 
craft to that point. At 15 
seconds to release the scoring 
tone is turned on. At bombs 
away, the WDC generates a 
release pulse and cuts the scor- 
ing tone on the first target and 
about 90 seconds later on the 
second target. Next, two 
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checklists reconfigure several 
switches for the SRAM launch 
sequence and the weapon bay 
doors open while the com- 
puters simulate the missile 
launch. After the launch 
there is only one more low 
level leg prior to climbout. 

At climbout, Plattsburgh is 
about 20 minutes away. 
Preparations begin for descent 
and approach. Upon reaching 
the IAF, the copilot duties 
become paramount. Duties 
include running checklists, 
clearing for aircraft and back- 
ing up the approach. Usually, 
time permits three or four ap- 
proaches before putting the 
aircraft on the deck. 

Every mission is full of ex- 
citement and the RN is in- 
credibly busy, but these things 
make the FB-111 such a great 
airplane to fly. In fact, the 
FB-111 flyers emphatically 
Say it is the best aircraft in the 
inventory for a navigator. I 
am definitely biased, but when 
you consider the high level of 
responsibility, the impact of 
your performance on the wing, 
and your value to SAC as its 
most survivable weapons 
system, no other conclusion 
can be made. <i> 


A graduate of St Michael's Col- 
lege, Capt Higgins entered the 
Air Force via ROTC in 1976. 
After UNT and NBT, he was 
assigned to the B-52G at Wurt- 
smith AFB. Capt Higgins now 
serves at Plattsburgh AFB in the 
FB-111. 





Colonel ivan A. MOLINA 
Air Force Section - US MAAG 
Portugal 


Lieutenant Colonel Scott W. MEYER 
Assistant Air Attache 
Portugal 


et’s go back to a time when there were many 
unknowns and myths about what lay 
beyond the horizon. Until the early 1400s, the 
ocean was one of the great mysteries of the 
world. Sailing was coastal and no one ven- 
tured past known points because one would cer- 
tainly fall off the edge of the world or fall prey 
to monsters of the deep and never be heard 
from again. 

In 1415, however, with the Portuguese cap- 
ture of Ceuta in North Africa, a desire for ex- 
ploration was born in the Portuguese court and 
intellectual society. Principal reasons for this 
desire were to establish commerce and to 
spread Christianity in the name of Portugal. 
Prince Henry (1394-1460), son of King John I 
of Portugal, aggressively attacked the expedi- 
tionary problem which earned him the title of 
“The Navigator’”’ for his efforts. Although he 
sent 50 ventures as far as the Cape Verde 
Islands, he never accompanied them. Five of 


these were especially significant, not only for 
Portugal but also for the rest of the world. 

The first was the great icebreaker and myth 
destroyer. While Prince Henry was convinced 
the sea that lay beyond the known oceans was 
the same as the known, he had trouble con- 
vincing mariners to sail onward. Finally, in 
1434, Gil Eanes went around Cape Bojador, the 
western tip of the Sahara, on his second try. He 
thus disproved the existence of monsters and 
other myths and confirmed Prince Henry’s 
ideas. Eanes’ followers continued the push 
and eventually found that the land went east 
again. 


The Tower of Belem is located in Lisbon near the Monument to 
the Discoveries. It is symbolic of the Era of the Discoveries and 
many Portuguese navigators sailed forth from this spot. 

The second explorer was Bartholomeu Dias 
who also was able to go east, but this time 
around the Cape of Good Hope in 1487. Now 
the sea route to India was almost complete, and 
in 1497-1498 Vasco da Gama completed that 
historic voyage. The way was thence open for 
missionaries and traders to establish small 
coastal enclaves. 

In 1500, another India-bound mariner, Pedro 
Alvares Cabral, discovered the greatest Por- 
tuguese colony—Brazil. Colonization here was 
aggressive, much like elsewhere in the New 
World, and Portugal acquired as much land as 
possible. However, since enclaves and fuel 
depots were the norm for Africa, India and the 
Pacific, settlement of the African colonies did 
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not really begin until after Brazil gained its 
independence. 

The last of the great Portuguese ocean ex- 
plorers is one with whom we are all familiar. 
Fernao Magalhaes (otherwise known as 
Ferdinand Magellan) is credited with being the 
first to circumnavigate the globe. On this 
voyage from 1519-1522, he also discovered the 
protected straits near Cape Horn which today 
bear his name. He proved that Prince Henry, 
Columbus and a few others were correct, even 
though their ideas were counter to the accepted 
thinking of the time. 

How did Portugal, a country smaller than In- 
diana, give birth to these hardy men whose ven- 
tures opened the world to all who followed? The 
Portuguese, always a maritime people, were the 
first Europeans to establish borders which have 
remained virtually unchanged since the Moors 
were expelled in the late 13th century. The 
desire to explore and fulfill a two-pronged 
mission—to open commerce outside the 
Mediterranean Sea and to convert as many peo- 
ple as possible to Christianity—became 
achievable following the conquest of Ceuta. 
The Portuguese proved to themselves that they 
had the will and ability to explore. 


The view from Prince Henry’s navigation school. 


The mathematician and scholar, Prince 
Henry, established his palace and school near 
Sagres, a town in the southwestern tip of Por- 
tugal, where he attracted to his side the best 


Prince Henry’s navigation school in Sagres, Portugal. Built in 
the early 1400s, note the sundial in the foreground and the 
compass rose used in teaching navigation. 


mathematicians, astronomers, shipwrights, 
mariners, and carpenters of Europe. Under his 
direction, the discoverers’ knowledge and ex- 
pertise combined to make the expeditions 
possible. Astral navigation development per- 
mitted positioning determined by the stars, and 
improved charting methods including latitude 
and longitude lines. However, these abilities 
were useless without transportation. The Por- 
tuguese explorers thus developed a small, light 
sailing ship called a caravel, in 1420. The 
boat’s most unique feature is its ability to sail 
to windward. The ship’s technology soon 
spread to other parts of Europe, but the Por- 
tuguese carefully guarded their top secret log 
books and charts. It is even said that during 
this time, two Portuguese monarchs would not 
marry foreigners to avoid sharing their state 
secret. Thus, by combining the science and 
technology of the times under a strong and 
resourceful leader, Portuguese explorers 
became the first European colonizers of the 
world. They were also the last, when they 
finally gave their African colonies freedom in 
1975. 
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Today, as visitors tour the Tagus River in 
Lisbon, a very impressive monument always at- 
tracts attention. It is the 170 foot Monument 
to the Discoveries inaugurated in 1960 to com- 
memorate the fifth centenary of the death of 
Henry the Navigator. The monument, with 32 
statues, depicts the seafaring destiny of the 
Portuguese with Henry the Navigator leading 
other navigators, cartographers, cosmogra- 
phers, warrior colonizers, clergymen, scien- 
tists, writers and artists into the new world. 


The Monument to the Discoveries with Prince Henry the 
Navigator in the lead. 


However, Portuguese navigators didn’t disap- 
pear with the caravels. Their courageous and 
adventurous spirit has continued into the air 
age. Even though North Atlantic crossing 
records were being set by Charles Lindbergh 
with his 1927 New York to Paris flight, and the 
British team of Alcock and Brown in 1919 from 
Newfoundland to Ireland, the Portuguese were 
by no means idle during this period. 

The famous Portuguese aviator, Admiral 
Gago Coutinho, was meanwhile working with 
his sextant researching new methods and new 
ways to adapt maritime navigation to aviation. 
On 22 March 1921, in a masterly fashion he 


navigated a twin-engined F-3 seaplane (flown 
by Sacadura Cabral and Ortins de Bettencourt) 
from Lisbon, Portugal to Funchal, Madeira 
Islands. The navigation was so precise that 
Admiral Coutinho dared to compare his air- 
craft’s position with the one given by the Por- 
tuguese ship ‘‘Porto’’ which they had 
overflown. Concerned by the five mile dif- 
ference between the ship’s position and that of 
his aircraft, he was only satisfied when he later 
realized that the distances had been measured 


The Fairey IIID (F-3) seaplane flown by Cabral and Bettencourt 
is in the background and Captains Cabral and Coutinho are in 
the foreground under propeller. 


Then, on 18 April 1922, Cabral and Coutinho 
made the first South Atlantic crossing from 
Lisbon to Rio de Janeiro with intermediate 
stops. The Portuguese had now linked Europe 
to South America by air. However, the impor- 
tance of this historic flight was not that it had 
been the first crossing or the linking of the two 
continents but, more significantly, it was a 
model of precision navigation. One example 
was the location and overflight of the St. Paul 
Rocks in the middle of the South Atlantic. Ad- 
miral Coutinho had now effectively used 
maritime navigation methods in flight. 

Even though two other Portuguese South 
Alantic crossings were made later, it was on 16 
and 17 March 1927 that the Portuguese once 
again demonstrated their precision navigation 
when they successfully accomplished the first 
South Atlantic night crossing, again overflying 
the St. Paul Rocks. Their list goes on—into 
Africa and all their colonies. 

Without a doubt Portuguese airmen have car- 
ried on the great tradition of the world- 
renowned Portuguese navigators of olden 
times. Their names are included with those of 
the world’s most famous aviators of all times. 
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The CASA-212 is the Portuguese navigator training aircraft. 


The uniforms are different, but the mission is the same: 
training navigators. 


The modern Portuguese air navigator really 
appeared in 1952 with the Portuguese Air Force 
as an independent arm of the country’s 
military. They began flying all over the world, 
especially on transport missions to their col- 
onies, with DC-3, DC-4, DC-6, Nord Atlas and 
Boeing 707 aircraft, as well as on antisub- 
marine NATO missions and search and rescue 
missions in PV-2 and P2V-5 aircraft. 

Portuguese navigators now train at Tancos 
Air Base, about 100 miles northeast of Lisbon. 
Training for flying navigators is very similar to 
that for the USAF, and some Portuguese of- 
ficers receive their training at Mather AFB. 
Navigators in the Portuguese Air Force fly the 
CASA-212 and the C-130H in recce, search and 
rescue, cargo hauling and firefighting roles. 
They still use and rely on astral navigation and 
cartography. Those who go on to become in- 
structors continue the tradition of providing 
the leadership—enlightening the uninitiated— 
that Prince Henry the Navigator began so long 
ago. sa 


Here you see over-the-shoulder instruction inside the CASA-212 
“Flying Classroom.” 


Born in Puerto Rico, Col Molina 
graduated from the University of 
Omaha. He was commissioned 
in 1959, and completed UNT and 
F-89 radar intercept training. He 
was assigned to Charleston AFB 
and Ft Lee AFS before duty in 
Iceland. After duty at McCoy 
AFB, he served in Southeast 
Asia, and in Germany, both 
Ramstein AB and Lindsey AS. 
He attended several service 
schools and was a faculty 
member at the Army School of 
the Americas, Panama. Col 
Molina is now Chief, Air Force 
Section, US Military Assistance 
Group, Portugal. 


Lt Col Meyer entered the Air 
Force via ROTC upon graduation 
from Tulane University in 1967. 
After UNT and RF-4C training, he 
served in Vietnam. Next came 
F-111 training followed by duty 
with the Royal Australian Air 
Force in Amberley before 
assignment to Nellis AFB and Mt 
Home AFB. He has a master’s 
degree from the University of 
Northern Colorado and, in 1981, 
he also earned a master’s 
degree from the Naval 
Postgraduate School. Lt Col 
Meyer is currently US Assistant 
Air Attache, Portugal. 
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1st Lt Jerry D. KING 
1st Lt Douglas J. GREENHECK 
55 WRS/DOP 
McClellan AFB, CA 


o doubt some of you are entering that ever- 
Pil cnet tine assignment cycle and facing 
the uncertainty of another exciting PCS. Of 
the many questions running through your 
mind, usually two rate as high priorities— 
‘‘What do I want to do?”’ and ‘‘What will they 
let me do?’’ Well, what about a WC-135B? 
The WC-135B is flown by the 55th Weather 
Reconnaissance Squadron (WRS) out of 
McClellan AFB, California. The 55th WRS is 
in the 4lst Rescue and Weather Recon- 
naissance Wing, which comes under Military 
Airlift Command’s newly-formed 23d Air Force. 
The 55th was activated in 1944 as the 655th 
Bombardment Squadron, but instead of carry- 
ing ordnance, its B-24s were loaded with 
weather recording equipment. During 
1948-1949, the Squadron (then the 347th 
Reconnaissance Squadron) flew WB-29s and 
C-47s from the United Kingdom in support of 
the Berlin Airlift. The Squadron settled at 
McClellan in 1949, and over the years has flown 
the WB-50, C-54, WB-47, WB-57, WC-130 and, 
currently, the WC-135B. 


Designated the 55 WRS in 1961, it is a very 
small, one-of-a-kind unit because of its unique 
mission and limited number of airframes. To- 
day, the six WC-135B aircraft carry special 
equipment to collect airborne nuclear debris 
from foreign atomic tests. Our primary mis- 
sion is detecting violations of Safeguard ‘‘D’’ of 
the Limited Test Ban Treaty. 

Another task of the 55 WRS is flying weather 
scout missions in support of fighter 
deployments. A comprehensive wind profile 
and observations of any potentially hazardous 
weather phenomena are mandatory for suc- 
cessful tanker and fighter rendezvous. These 
missions are flown over the Atlantic and Pacific 
oceans as well as over the continental United 
States and Alaska. 

All upgrade training is conducted at 
McClellan AFB. For the navigator, the demand- 
ing mission flown by the 55th is a special 
challenge. A navigator flying with the 55th 
must be totally flexible as in-flight replanning 
and complete flight plan changes after takeoff 
are the norm. 


The WC-135B navigator station is well-equipped for virtually any 


kind of navigation. Additionally, it is the last aircraft in the USAF 
inventory which still carries the Loran A. 


Routinely flying above 70° north, the 
navigator must have a firm grasp of grid 
navigation procedures. Grid navigation is aid- 
ed by the WC-135B’s dual inertial navigation 
system (INS). Loading the correct convergence 
angle into the INS enables it to display the cur- 
rent grid heading, freeing the navigator from 
precomping and shooting a celestial heading 
shot every hour while in grid. However, if the 
inertial systems are out of tolerance (i.e., INS 
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grid headings differ by more than two degrees) 
a celestial heading shot is required. 
According to Warner Robbins Air Logistics 
Center (ALC), the WC-135B fleet at McClellan 
is unique in that it is the last aircraft in the 
USAF inventory with Loran A sets (APN-70s) in- 
stalled. The ALC services the APN-70s. The 
Loran A is easy to use and one becomes quite 
proficient with its operation in a short time. 


Some relatively new navigators may still remember this Loran 
A set, as it was used in UNT for a long time. If you’ve been 
around awhile, no doubt you used it in the T-29 at UNT. 


Long periods of twilight make polar naviga- 
tion unique and celestial navigation quite a 
challenge. If that’s not challenging enough for 
you, we fly these polar and subpolar sampling 
missions at altitudes of 10,000 feet or less, to 


a low of 2,500 feet. If you thought low level 
navigation wasn’t a player, you’re wrong. 
Shooting celestial at these altitudes is a whole 
new ball game—you must be intimate with star 
diagram procedures in the Air Almanac. 

Low level sampling missions not only present 
a celestial navigation challenge but also require 
considerable weather avoidance. During sum- 
mer and fall, you can spend an entire 10-hour 
mission avoiding thunderstorms at these low 
altitudes where we routinely conduct our at- 
mospheric sampling. 

WC-135B navigators easily accumulate over 
500 hours per year and sorties can exceed 16 
hours. In 1983, the longest mission was 21 
hours and included two air refuelings. The 
WC-135B is specially equipped with an aux- 
iliary oil system that enables the engines to run 
for greater periods of time, eliminating the need 
to land for frequent servicing. 


On initial look the ‘‘WC”’ looks like a ‘‘KC,’’ but look again at 
the air sample collector over the wing. 


WC-135B navigators spend about 100 days 
TDY per year. The average trip is nine days 
with at least one TDY monthly. Depending on 
the trip and tasking involved, a navigator might 
log as much as 90 hours on a 14-day trip. Most 
TDY time is spent at Eielson AFB, Alaska and 
quarterly trips to the Southern Hemisphere are 
now a part of the 55th’s mission, affording the 
crew an opportunity to get international ex- 
perience at various locations below the equator. 
You'll be tired upon returning from these 
demanding TDYs, but proud to be an integral 
part of an important mission. 

Are you interested? If you're highly 
motivated and looking for a challenging assign- 
ment give us a second thought when filling out 
your dream sheet. <r 


ist Lt King graduated from the 
University of Wisconsin in 1980. 
Commissioned through OTS, he 
completed UNT in 1982. Lt 
King is assigned to the WC-135B 
at McClellan AFB. 


A 1981 graduate of Florida Inter- 
national University, ist Lt 
Greenheck was commissioned 
through OTS. He completed 
UNT in 1983 and now serves at 
McClellan AFB in the WC-135B. 
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Capt Stephen W. GARDNER 
391 TFS/DO 
Mt Home AFB, ID 


anaging time is a fine art indeed. Many 
books have been written to provide tools 
for developing this artistic talent. Any 
fightergator knows the key to all good low level 
navigation (or any navigation for that matter) 
is good DR. TLAR, or “‘That looks about right,” 
has its place, but it is an inaccurate skill at best 
and is only developed with a lot of experience. 
To get to the point where TLAR is even a usable 
navigation tool, you must have a good 
understanding of dead reckoning—navigation 
using only heading and time. If your heading 
and time are correct, you should know where 
you are and you can continue to astound your 
crew with the finer tools in your navigational 
bag-of-tricks. Heading is the easy part; be- 
tween 100 and 1,000 feet AGL the winds are 
usually negligible and the legs are short enough 
under tactical conditions to make most small 
errors self-canceling. Add to that radar and 
visual course updates and it seems like getting 
“temporarily disoriented’’ would be almost im- 
possible. But good DR is not just course. If 
the timing is off, it’s hardly any trouble at all 
to get lost. My intent is to investigate some 
basic methods of time management and con- 
trol. There may even be a couple here that you 
haven't seen before. 
You must understand time control by getting 
a realistic feel for how much time can be 
gained or lost. If you normally fly a 30-minute 
low level route at 480 knots groundspeed 
(KGS), increasing your groundspeed by 120 


knots to 600 KGS would make up only six 
minutes over the entire route. Conversely, fly- 
ing at 360 KGS would lose 10 minutes. Ob- 
viously both of these speeds are unrealistic in 
low altitude, mountainous terrain, but this il- 
lustrates that no monumental changes can be 
effected with timing control. Depending on the 
length of the route, if you have more than a cou- 
ple of minutes to gain or lose, you had better 
consider a timing triangle in your planning. 
Time control just isn’t going to do it for you. 
Probably you will only succeed in throwing 
your DR out the window. 





reckoning with time 


Another important basic in time management 
is clock keeping. Murphy dictates that two 
clocks are a must, even if the second is just a 
repeat of the first. If you use the dash clock 
in the airplane, hacking it when you begin your 
walk-around and checking it again when you 
climb in is a good idea. Too many clocks in 
airplanes decide to quit after six minutes or so. 

Some navigators like to hack a stopwatch at 
takeoff, low level entry, or at every turn point. 
This establishes a good DR, but it doesn’t give 
you any idea how far ahead or behind you are 
if you must meet a TOT. Keeping a running 
real time and checking it at turn points is prob- 
ably a little better, but a mix of the two 
methods is best if starting and correlating the 
two clocks is not too confusing. 
Additionally, if you must slip preplanned times 
because of changing takeoffs or TOTs, slip by 
even increments of five or ten minutes or even 
whole hours. This will make in-cockpit replan- 
ning surprisingly easy and the most time you 
would ever have to manage would be +30 
seconds. Remember, a time management 
system must make sense to you and you must 
be able to employ it quickly. Therefore, pick 
a method comfortable for you. 

In any time management review, it’s probably 
best to begin with methods that are the easiest 
to understand and build from there. Remember, 
with all of these techniques, if your aircraft 
doesn’t have a groundspeed readout or it is 
unreliable, groundspeed is equal to: Ground- 
speed = True Airspeed = Indicated Airspeed + 
2 knots per 1,000’ density altitude. If the 
altitude differences along the route aren’t too 
great, one correction factor can be figured and 
then applied on every leg. 

The 10% Technique: Groundspeed is 
reduced or increased by 10% and held for 10 
minutes to effect a + 1 minute change. Plan 480 
KGS, 1 minute late. 480 x 10% = 48. 480 + 
48 = 528. Fly for 10 minutes. 

The Incremental Technique: Determine in- 
crement by dividing planned groundspeed by 
six. Now determine time you must hold incre- 
ment by dividing seconds off by 10 and chang- 
ing to minutes, e.g., plan 480 KGS, one minute 


late. 480 + 6 = 80. 60 seconds + 10 = 6 
minutes. Fly 480 + 80 = 560 for 6 minutes. 

The Seconds to Groundspeed Technique: 
Groundspeed is changed by an amount equal to 
the time off in seconds and held for the plan- 
ned groundspeed in miles per minute, e.g., plan 
480 KGS, 1 minutelate. 480 + 60 = 540. Fly 
540 for 8 minutes (480 seconds). 

The Six Minutes Out Rule: Groundspeed is 
changed by nautical miles to go at 6 minutes 
out from the turnpoint, i.e., due at next turn- 
point at 1424:13. At 1418:13, distance to go 
is 52.6 nm. Fly 526 KGS to next turnpoint. 
(This method can be used easily at 3 minutes 
and 12 minutes out by doubling and halving 
nautical miles to go respectively.) 

Two table methods are pictured in Figures 1 
and 2. Although using a table for timing cor- 
rection is fairly easy, it’s one more piece of 
paper distracting your attention from the more 
important things such as trees, the terrain 
following scope, six o’clock, the ground, etc. 

These next two methods both require a hand- 
held calculator or a circular slide rule (CPU-26 
A/P whiz wheel). The whiz wheel has a ring on 
it to tie it to your G-suit or clipboard (remove 
the wind slide). Again, a calculator is an ex- 
tra piece of equipment. The calculator in your 





GROUNDSPEED (KGS) 
500 





400 | 420 | 440 | 460 | 480 520 | 540 | 560 





6.7; 7.0) 7.3) 7.7) 8.0) 8.3) 8.7) 9.0) 9.3 





13.3 | 14.0 | 14.7| 15.3 | 16.0 | 16.7) 17.3 | 18.0 | 18.7 





20.0 | 21.0 | 22.0 | 23.0 | 24.0 | 25.0 | 26.0 | 27.0 | 28.0 





26.7 | 28.0 | 29.3 | 30.7 | 32.0 | 33.3 | 34.7 | 36.0 | 37.3 





33.3 | 35.0 | 36.7 | 38.3 | 40.0 | 41.7 | 43.3 | 45.0 | 46.7 





40.0 | 42.0 | 44.0 | 46.0 | 48.0 | 50.0 | 52.0 | 54.0 | 56.0 





46.7 | 49.0 | 51.3 | 53.7 | 56.0 | 58.3 | 60.7 | 63.0 | 65.3 





8| 53.3 | 56.0 | 58.7 | 61.3 | 64.0 | 66.7 | 69.3 | 72.0 | 74.7 





9| 60.0 | 63.0 | 66.0 | 69.0 | 72.0 | 75.0 | 78.0 | 81.0 | 84.0 








‘MINUTES TO TURNPOINT 
































10| 66.7 | 70.0 | 73.3 | 76.7 | 80.0 | 83.3 | 86.7 | 90.0 | 93.3 





Figure 1: Example: 4 Minutes and 34 nm to turn point, fly 510 KGS to turn. 
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airspeed on that leg. If you were 20 seconds 
Se — — — ao) late, planning 480 KGS, an increase to 500 KGS 


424 379 1360 32713131300 1288 1277 would just about put you back on time at the 

554 720 end of that leg. 
«®  * »* From all of these techniques, probably one or 
450 aii 389 two will arouse your interest. Find one you 
514 576 626 like and give it a try, remembering again the 
bs “6 _* a two basic concepts: it must make sense to you 
432 and you must be comfortable with it. Also 
mm 568 remember that all of these methods will pro- 
531 duce only an approximate correction. They’ll 
443 get you in the ball park and then the last few 
a seconds can be corrected between the IP and the 
target. Practice gives a general feel for how 


450 much and how long to hold a correction. 
522 537 

453 447 

518 532 

455 | 450 441 

491| 497 508| 514 527 


Figure 2: Example: 30 nm to turn point and 20 seconds late, fly 527 KGS to turn. 
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head may not be quite as accurate, but it’s 
easier to carry and you can use your eyes for 
something else while you're running it. 


The Recompute Technique: Place distance to 
go over time to go and read groundspeed over 
the index,i.e., 26.7 nm to go. Dueat next turn 
point in 3 minutes, fly 534 KGS for 3 minutes. 


ete Bee’ “ 


= s 


Probably the most embarrassing thing that 

The Proportional Technique: You can solve has ever happened to any navigator is a time 
for either time or speed. The simple propor- correction in the wrong direction. After I 
tion is : kicked myself for four days the first time I did 
it (on a check ride), I invented a simple solution 

SECONDS EARLY/LATE SPEED CORRECTION to the problem. It may sound silly, but it’s 
SECONDS TO HOLD ~ “PLANNED GROUNDSPEED kept me out of hot water ever since. Compare 








on the time on the clock with the time you should 


be at a point and then remember if the number 
on the clock is bigger, you’re behind. Armed 
with the weapons presented here, plus a few 
—_=—,X = 48 basic navigational tools, it should be fairly easy 
600 480 to keep a current DR and avoid the navigator’s 
Fly 480 + 48 = 528 for 10 minutes. nemesis—getting L-O-S-T. Give some of these 
tricks a try and improve your navigational 
The final method assumes that for every 10 acumen. <i~ 
knot change in airspeed, 1.5 seconds is gained 
or lost for every minute that change is held. Capt Gardner enlisted in the Air 
(See THE NAVIGATOR, Winter 1983, for a good Force in 1974. Through the Air- 
illustration of this technique.) With that basic man Scholarship Commission- 
concept, when you flight plan you can decide ing Program, he graduated from 
how many seconds you can gain or lose per 10 _—‘*ne University of Idaho in 1979 
knot change on each leg. For instance, if a leg are ggeneg va we 
is 6 minutes long, you could gain or lose 1.5 X been assigned to the F-111A at 
6 = 9 seconds for every 10 knot change in Mt Home AFB since 1981. 


Plan 480 KGS 1 minute late. Hold correction 
for 10 minutes. 
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Che Herk’s Newest Mission— 
EC-130H COMPASS 


Captain Lawrence R. PRATT 
41 ECS/DOFA 
Davis-Monthan AFB, AZ 


uring the 1970s, potential 

American adversaries 
were increasing both the quali- 
ty and quantity of their tac- 
tical capabilities. A growing 
emphasis on c3cm— 
command, control, com- 
munications, and counter- 
measures—accompanied these 
increased capabilities. 

Whoever controls these 
elements within the elec- 
tromagnetic spectrum will 
have a decisive edge in deter- 
mining the outcome of a battle. 
TAC worked to improve our 
c3cm capabilities and the 
result was the EC-130H ‘‘Com- 
pass Call’’ whose mission it is 
‘‘to support friendly air and 
land forces by providing a 
worldwide capability to con- 
fuse, disrupt, delay, or prevent 
enemy command, control, and 
communications.”’ 

Compass Call is assigned to 
the 41st Electronic Combat 
Squadron (ECS) at Davis- 
Monthan AFB, part of the 
552nd Airborne Warning and 
Control Division. Other 
552nd aircraft are the E-3A 
AWACS at Tinker AFB and 
EC-130 ABCCC at Keesler AFB. 

The Compass Call aircraft is 
quite an unusual sight. At 
first glance you'd be likely to 
think, “It’s a Herk, but....’’ 
Compass Call has an array of 
antennae and cooling intakes 
that make it appear and fly 


significantly different from a 
clean C-130. These modifica- 
tions cause the aircraft to have 
more air resistance and lower 
performance characteristics 
than conventional Herks—it’s 
not the prettiest sight in the 
sky. However, like all Herks, 
the EC-130H is a sturdy, 
reliable airframe. It’s 
especially well-suited for the 
Compass Call mission. 

Crew complement is divided 
into mission crew and flight 
crew. The mission crew is 
referred to as the ‘“‘back end”’ 
and includes a mission com- 
mander (EWO), maintenance 
technician, and several C°CM 
technicians. They conduct 
the primary mission and 
operate various electronic 
systems. The flight crew or 
‘front end’’ consists of the 
pilot, copilot, navigator and 
engineer. 

The Compass Call navigator 
has three types of missions— 
global, tactical, and air refuel- 
ing. These missions may be 
employed separately or in 
combination. The global mis- 
sion consists of long range 
navigation usually associated 
with overseas deployments. 
Tactical missions are short 
range, with the navigator 
achieving and maintaining or- 
bits and working with the mis- 
sion crew to exploit the air- 
craft’s electronic capabilities. 
The air refueling capability 
gives the Compass Call 
unlimited range and the 


WINTER 1984 


navigator insures proper air- 
craft positioning for the 
rendezvous. 

To assist with these varied 
tasks, the navigator has a 
panel full of goodies including 
INS, Omega, ASN-35 Doppler 
computer and radar altimeter. 
Oh, yes, let’s not forget the 
venerable sextant. INS and 
Omega provide accurate long- 
range navigation assistance 
and are also used to achieve 
and maintain precise orbits. 
The Doppler computer is an ex- 
cellent tool for accurate posi- 
tion monitoring during air 
refueling and tactical orbits. 
But, as in all C-130s, these 
tools are useless without a 
well-planned DR, accurate fix- 
ing and crosschecks. Tactical 
fixing is accomplished using 
radar and TACAN/VOR while 
global positioning requires 
well-polished celestial and 
pressure skills, particularly in 
achieving a safe rendezvous 
over water. Since INS, Omega 
and ASN-35 are independent 
systems, they can be used to 
crosscheck each system's ac- 
curacy. Celestial readings also 
are used to insure the INS and 
Omega display accurate 
heading data. Besides basic 
navigation and crew support, 
the navigator is responsible 
for terrain and weather 
avoidance, fuel management, 
and is the primary com- 
munications link between 
front and back ends during 
tactical orbits. 





The Compass Call applicant 
must complete the five-week 
basic C-130 navigation course 
at Little Rock AFB. 
Academics include emergency 
procedures, fuel management, 
pacing, navigation systems 
(Omega, ASN-35), and general 
aircraft knowledge. The stu- 
dent takes simulator and 
orientation flights as well as a 
final check ride. Although 
Compass Call preparation is 
relatively simple, the mission 
isn’t foreveryone. In keeping 
the aircraft at a specific loca- 
tion, the navigator must be pa- 
tient and precise and also flex- 
ible in planning ahead for a 
changing tactical environ- 
ment. The navigator must be 
readily adaptable to stress, as 
missions can be long and 
variable, with different crews 
and changing mission require- 
ments. The life of a Compass 
Call navigator isn’t fast or 
glamorous, but navigator 
skills and efforts will become 
increasingly significant as 
Compass Call quickly grows in 
its capabilities and contribu- 
tions to our tactical C3CM 
mission. <u> 


A graduate of San Deigo State 
University, Capt Pratt was com- 
missioned in 1974. After UNT, 
he was assigned to the C-141 at 
Norton AFB. Next came duty in 
the F-4E at Ramstein AB and 
Luke AFB, followed by assign- 
ment to Mt home AFB. Capt 
Pratt is now assigned to the 
EC-130H at Davis-Monthan AFB. 
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Reading 


Captain Donald W. RIGHTMYER 
391 TFS/DO 
Mt Home AFB, ID 


loesti was one of the most 
infamous target areas 
which challenged American 
bomber crews during World 
WarlIl. The lucrative targets 
presented by the oil fields in 
and around the Rumanian city 
first received special treat- 
ment during low altitude at- 
tacks in August 1943. This 
was a true air-ground battle as 
U.S. Army bombers penetrated 
to their targets and the Ger- 
man defenders threw up both 
fighters and heavy antiaircraft 
fire. Subsequent attacks 
continued sporadically 
throughout the war and the 
author of the book, Target 
Ploesti: View From a Bomb- 
sight, participated in several 
of them. 

The few personal accounts of 
World War II air campaigns 
generally have been written by 
pilot crew members or from a 
general aircrew perspective. 
Target Ploesti is written by a 
B-24 bombardier who served 
his 50 combat missions with 
the 460th Bombardment 
Group in the Mediterranean 
theater of operations. He 
served with the crew of a B-24 
Liberator ignobly christened 
Hangar Queen. 

Mr. Newby provides an in- 
sightful view of aircrew life in 
Italy during 1943-44 and the 
process a bomber crew had to 
go through to prepare for com- 
bat missions. He takes the 
reader through the mass brief- 
ings for ‘‘milk runs” as well as 
the more dreaded sorties to 
Ploesti and up into Germany. 
His recollections are well- 
balanced between the 
humorous occasions and the 
sobering experiences of aerial 
combat. 
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The most gripping portions 
of this narrative cover 2d Lt 
Newby’s experiences during 
the actual bomb runs. Any 
navigator, bombardier or 
weapon systems officer who 
has directed a bomb run and 
attempted to hit a target can 
intimately relate—you can ac- 
tually sense the tension and 
anticipation throughout the 
run-in. 

This is only one of several 
accounts by airmen who have 
seen combat in our various 
wars. They frequently pro- 
vide an appreciation for the 
realities of courage, confusion, 
fear and success in aerial 
combat. 

Various general officers also 
have written about their per- 
sonal wartime experiences. 
Brigadier General Billy 
Mitchell relates his ex- 
periences in Memoirs of World 
War I. The commanding 
general of the Army Air Forces 
during World War II, General 
H. H. “‘Hap’”’ Arnold, shares his 
insight in Global Mission. 
MacArthur’s air general, 
General George Kenny, reveals 
his experiences in the Pacific 
in General Kenney Reports. 
The master airlifter, General 
William Tunner, tells his story 
in Over the Hump, while 
General Lewis H. Brereton 
relates his worldwide World 
War II service in The Brereton 
Diaries. General Laurence 
Kuter went to the Yalta con- 
ference in place of the ailing 
Arnold and relates his observa- 
tions of Roosevelt, Churchill 
and Stalin in An Airman at 
Yalta. General William W. 
Mom yer covers World War II, 
Korea and Vietnam in his Air 
Power in Three Wars. Locate 
one of these books in your base 
library and include it in your 
professional reading program 
in the near future. <r 





USING THE /A/ S/DN $ 


IN AIR REFUELING 
OPERATIONS 


a ag 


Major Edward K. WHISMAN 
4235 STS/DOTT 
Carswell AFB, TX 


Captain Glenn L. PARKER 
4017 CCTS/CTOAN 
Castle AFB, CA 


hose of us who have navigated the KC-135 

for several years remember the good old 
ASN-7/ID-390 system with fond memories. It’s 
unfortunate that you ‘‘new guys’’ have never 
had the opportunity to useit. Especially now, 
since we KC-135 navigators have outstanding 
navigation aids in the form of inertial naviga- 
tion and Doppler navigation systems (INS/DNS). 
These computer systems have added a much- 
needed upgrade to our navigation equipment 
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This Control and Display Unit (CDU) controls the 
functions of the tanker’s INS. 








aboard the ‘“‘KC”’ and provide excellent aids dur- 
ing general and celestial navigation. 

Since our primary mission in the tanker is 
rendezvous and air refueling, each of us must 
be thoroughly familiar with the capabilities and 
limitations of our INS/DNS for air refueling 
operations. There are three good ways to set 
up the INS/DNS for maintaining the orbit at the 
air refueling control point (ARCP) and effecting 
a successful rendezvous. These methods are: (1) 
orbital pattern steering, (2) ARCP to ARIP, or 
(3) ARIP to ARCP. 


ORBITAL PATTERN STEERING (OPS) 


The OPS function of the INS/DNS provides 
crosstrack distance (XTK) and track angle er- 
ror (TKE) information while holding an orbit 
regardless of whether or not the INS is coupled 
to the autopilot. The OPS function switches 
direction when you reach the ARCP and the out- 
bound turn point of the orbit. Therefore, on 
the inbound leg (ARIP to ARCP), a XTK of 2 nm 
right is interpreted as 2 nm off the inbound 
course. On the outbound leg of the orbit, a 
XTK of 3 nm left is interpreted as 3 nm left of 
the course on the backside of the orbit. 
Remember, the OPS function is programmed to 
provide an orbit 9 nm wide. Therefore, a XTK 
of O nm on the outbound leg means you have 
an offset of 9 nm from the receiver’s inbound 
track between the ARIP and the ARCP (Figure 
1). 
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Since the OPS function switches direction as 
you fly each leg of the orbit, the TKE is always 
relative to your track. For example, on either 
leg of the orbit a TKE of 4° right indicates a 
need to turn 4° left to obtain a TKE of 0° and 
thereby parallel the desired track (Figure 2). 
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Figure 3 


Now, how do we use OPS to help us perform 
a rendezvous? When flying on the outbound leg 
headed toward the receiver and a decision is 
made to continue toward the receiver and begin 
the actual rendezvous, place the AUTO/MAN 
switch to MAN so that the INS/DNS will not 
switch direction when the outbound turn point 
is overflown. By preventing the INS/DNS from 
switching, the XTK distance will be calculated 
based on the track between the ARCP to ARIP 
and the TKE is not reversed. For example, let’s 
assume you need a turn range of 21 nm and an 
offset of 12 nm (Figure 3). 
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Remember, on the backside of the orbit an 
INS/DNS XTK of 0 nm indicates a 9 nm offset. 
You need an offset of 12 nm, so turn the aircraft 
to obtain a XTK of 3 nm right (9+3=12 nm). 
Then zero out the TKE so that the aircraft will 
maintain an offset of 12 nm (XTK = 3 nm 
right). When you pass the outbound turn 
point, the alert light will continually flash but 
the XTK and TKE will continue to indicate 3 nm 
right and O°, respectively. Maintain this 
heading until the A/A TACAN DME indicates 21 
nm separation from the receiver, then start 
your turn back toward the ARCP. After you 
are headed toward the ARCP, put the 
AUTO/MAN switch to AUTO and you will get 
XTK and TKE information based upon the ARIP 
to ARCP track. This will display your position 
relative to the AR track. As you approach the 
ARCP, exit the OPS function by putting in way- 
points for the ARCP to AR exit. If the air 


refueling track is not a straight line, put in the 
point where the air refueling track turns. 

When using this technique for rendezvous, it 
is unnecessary to wait until the last trip around 
the orbit to establish the offset required for the 
rendezvous. Since an offset of 12 nm is well 
within the allowed airspace for the orbit (see 
SACR 55-3), establish this offset each time you 
fly the outbound leg. This way, if the receiver 
calls ‘‘ARIP Inbound”’ and you are flying out- 
bound, you already have the required offset and 
can merely maintain your current heading to 
begin the rendezvous closure. Continue 
toward the receiver until the A/A TACAN reads 
the correct turn range. If you use the INS/DNS 
to obtain differential DME, remember the DIST 
shown by the INS/DNS is to the backside turn 
point and not the ARCP. 

The OPS technique also provides the flexibili- 
ty to change your orbit quickly by inserting a 
new inbound track. For example, suppose a 
thunderstorm is over the ARIP. Since we must 
avoid hazardous weather, the receiver would 
have to shift the ARIP to another point which 
would change the inbound track between the 
ARIP and ARCP (Figure 4). 
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Figure 4 


When the receiver tells you what the new in- 
bound track will be, insert it into the INS/DNS. 
This will skew the OPS orbit so that it matches 
the receiver’s new inbound track (Figure 5). 
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Figure 5 

Don’t forget to call ARTCC and obtain permis- 
sion to rendezvous outside the planned A/R 
area. The rendezvous may then be performed 
as previously outlined. 


ARCP TO ARIP 


The ARCP to ARIP technique for ac- 
complishing the rendezvous is similar to the 
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OPS technique. The two main differences are 
that the offset information will be displayed dif- 
ferently, and the INS should not be coupled to 
the autopilot. 

To initially set up the INS/DNS for this tech- 
nique, insert the ARCP in the ‘‘from”’ side of the 
“from-to” display and the ARIP in the “‘to”’ side. 
After you enter the orbit, place the AUTO/MAN 
switch to the MAN position so the waypoints 
will not advance. You now direct the aircraft 
through the orbit until the receiver calls ‘‘ARIP 
inbound.’’ After the ARIP inbound call, direct 
the turn toward the receiver. On the outbound 
leg (toward the ARIP), direct the aircraft so that 
the XTK displays the computed offset and TKE 
displays 0°. If, for example, your XTK = 12° 
right and your TKE = O° you would be 12 nm 
right and paralleling course. This is where you 
would want to be if you were looking for a 12 
nm offset. If the TKE were 5° right, you would 
need to turn 5° left to parallel course (Figure 6). 
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Now, continue flying toward the receiver un- 
til the AA/TACAN DME displays your precom- 
puted turn range. Attheturn range, start your 
180° turn to roll out ahead of the receiver. 
After rolling out, you again must interpret what 
the INS/DNS XTK and TKE are showing you. In 
this instance, the XTK will show you left of 
course if you are actually right, and right of 
course if you are actually left. This occurs 
because of the 180° difference between the 
headings you are flying and the reference 
points insertedin the INS/DNS. Your TKE will 
also display 180° out because its information 
is based on heading toward the ARIP. 


Therefore, if the TKE shows 175° right, you 
need to turn 5° right to make it 180° and 
parallel course. If the TKE shows 170° left, 
you need to turn 10° left to make it 180° and 
parallel course (Figure 7). 
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To alleviate the reversed TKE and XTK after 
you turn back toward the ARCP, change the 
waypoints to reflect ARIP to ARCP. This will 
prevent the reversed readings. 


ARIP TO ARCP 


This technique is similar to the previous 
ones. The two differences are that you should 
not couple the autopilot to the INS and your 
XTK and TKE references are reversed from the 
ARCP to ARIP technique. 

To initially set up for this technique, insert 
the ARIP in the ‘‘from”’ side of the ‘‘from-to”’ 
display and insert the ARCP in the ‘‘to”’ side. 
Then switch the AUTO/MAN switch to MAN so 
the waypoints will not change automatically. 
When the receiver calls ‘‘ARIP inbound,"’ turn 
toward the receiver. On the outbound leg, the 
XTK will display your offset but will appear to 
be showing you on the wrong side. This occurs 
because of the way the INS/DNS is referenced. 
Also, the TKE will show 180° when you are 
paralleling course headed toward the ARIP. 

The XTK = 12 nm left and the TKE = 180° 
when using the ARIP to ARCP technique (Figure 
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Now proceed toward the receiver until the A/A 
TACAN DME displays the precomputed turn 
range. At that time, begin your turn to roll out 
in front of the receiver. After rolling out toward 
the ARCP, the XTK and TKE will be easy to in- 
terpret. If the XTK displays left of course, it 
actually means left of course and vice versa. 
The TKE will read 0° when you are paralleling 
course. For example, if the TKE = 5° left, you 
need to turn 5° right to parallel course, and if 
the TKE = 7° right, you need to turn 7° left to 
pa: ailel course. 

The flight crew decides how to use the INS and 
what functions are practical, but some general 
statements apply about the use of the INS dur- 
ing air refueling. Since orbit and rendezvous 
are very busy times in-flight, a prepro- 
grammed INS can be a very timely aid. If the 
operator has not preloaded the data, however, 
it becomes an additional workload on an 
already very busy navigator. As usual, 
thorough preplanning is a must. ee 


A graduate of Louisiana State 
University, Maj Whisman was 
commissioned via OTS in 1969. 
He served as an aircraft 
maintenance officer before com- 
pleting UNT and C-130 training. 
He was then assigned to Taiwan 
before duty at Pease AFB and 
subsequently Castile AFB. Maj 
Whisman is now Chief, KC-135 
Curriculum Development at 
Carswell AFB. 


Capt Parker graduated from 
Virginia Polytechnic Institute & 
State University in 1975. After 
commissioning through ROTC, 
he completed UNT and CCTS 
and was then assigned to 
Seymour-Johnson AFB. Capt 
Parker is currently an academic 
instructor at Castle AFB. 
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1. What nickname was given to the first B-52 
to land at Mather AFB? 

2. When did it arrive? 

3. What famous movie star served at Mather as 
an instructor during World War II? 

4. On what famous missions was the B-29, ‘‘the 
Great Artiste”’ used? What role did it play? 
5. Name the first aircraft that flew at Mather. 
Where were they produced? 

6. What important event happened to you at 
Mather? 


s this a game of trivia? No. It may be trivia 

to some, but to many of us it is our lives, 
sweat and tears. The Mather History Division 
needs your help in preserving our navigation 
heritage! 


Our history is important to all of us. We are 
trying to compile as complete and accurate an 
account of the great events at Mather as possi- 
ble. Will you help? 

Jennys, the Liberty Iron Works, Forest 
Patrol, The Great Maneuvers of the 1930s, Ar- 
thur S. Dudley, The Aircraft Observer Bom- 
bardment School, the Sunset Project, Camp 
Beale, the T-29, B-52 KC-135, T-43 and T-45 are 
large segments of Mather’s history. People, 
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aircraft, places and events remind thousands 
of Air Force navigators and others of Mather 
AFB—the home of the navigator. It all began in 
Sacramento just 15 short years after the 
historic flight of the Wright Brothers. This pro- 
ject is in the initial research/editing stages and 
much information is presently available cover- 
ing many of the happenings over Mather’s past. 
Volumes, however, could be written and told 
about personal incidents and things which 
never make headline news, either in the papers 
or the official Wing history. Recently, many 
have begun to share those stories and signifi- 
cant events that impacted them while they were 
stationed at Mather. The answers to the above 
question are: 

1. City of Sacramento. 

2. October 1958. 

3. Jimmy Stewart. 

4. The observation aircraft on both missions 
which dropped the atomic bombs on Japan in 
WwWiIl. 

5. The Jenny was produced at Mather. 

6. Only you know. Please share it with us. 


Contact us at AUTOVON 364-2236/2177 or 
write: 323 FTW/PS, Mather AFB, C 
95655-5000. <i 
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